Visual motion perception is normally mediated by neural processing in the posterior cortex. Focal damage to the middle temporal area (MT), a posterior extrastriate region, induces motion perception impairment. It is unclear, however, how more broadly distributed cortical dysfunction affects this visual behavior and its neural substrates. Schizophrenia manifests itself in a variety of behavioral and perceptual abnormalities that have proved difficult to understand through a dysfunction of any single brain system. One of these perceptual abnormalities involves impaired motion perception. Motion processing provides an opportunity to clarify the roles of multiple cortical networks in both healthy and schizophrenic brains. Using fMRI, we measured cortical activation while participants performed two visual motion tasks (direction discrimination and speed discrimination) and one nonmotion task (contrast discrimination). Normal controls showed robust cortical activation (BOLD signal changes) in MT during the direction and speed discrimination tasks, documenting primary processing of sensory input in this posterior region. In patients with schizophrenia, cortical activation was significantly reduced in MT and significantly increased in the inferior convexity of the prefrontal cortex, an area that is normally involved in higher level cognitive processing. This shift in cortical responses from posterior to prefrontal regions suggests that motion perception in schizophrenia is associated with both deficient sensory processing and compensatory cognitive processing. Furthermore, this result provides evidence that in the context of broadly distributed cortical dysfunction, the usual functional specificity of the cortex becomes modified, even across the domains of sensory and cognitive processing.
cluding occipital, parietal, and frontal cortices (Keller & Heinen, 1991; Newsome & Pare, 1988; Wurtz et al., 1990) and are significantly impaired in patients with schizophrenia and their first-degree relatives (Holzman, Proctor, & Hughes, 1973; Levin et al., 1988; Levy, Holzman, Matthysse, & Mendell, 1993; Sweeney et al., 1994; Thaker et al., 1998) . Psychophysical studies implicate a defect in visual motion processing-normally mediated in the extrastriate cortex-in SPEM impairment in schizophrenia Kim, Wylie, Pasternak, Butler, & Javitt, 2006; Stuve et al., 1997) . Motion perception in schizophrenia is thus suitable for studying the relationship between multiple cortical systems and behavior.
In the present study, we utilized neuroimaging techniques and psychophysical methods in order to examine the functional integrity of cortical activation in sensory visual areas during motion and nonmotion discrimination tasks in patients with schizophrenia. We also explored whether cortical areas that are normally involved in cognitive processing-but not in sensory visual processingare activated during visual discrimination.
METHOD Participants
Ten outpatients who met the Diagnostic and Statistical Manual of Mental Disorders (4th ed.) (DSM-IV; American Psychiatric Association, 1994) criteria for schizophrenia or schizoaffective disorder were included in the study. The patients were chronically ill (duration of illness: M 15.1 years, SD 6.7) and moderately symptomatic (BPRS: M 27.3, SD 4.9). Consensus diagnoses were made independently by experienced clinicians, based on a review of a structured clinical interview for DSM-IV conducted by trained interviewers (Spitzer, Williams, Gibbon, & First, 1994) and on an evaluation of all available hospital records. Nine patients were taking antipsychotic medication (daily chlorpromazine equivalent: M 413 mg, SD 27) (Woods, 2003) . None of the eight normal controls met DSM-IV criteria for any psychotic condition (lifetime); for any schizotypal, schizoid, or paranoid personality disorder, based on the Structured Interview for Schizotypy (Kendler, Leiberman, & Walsh, 1989; Spitzer et al., 1994) ; or had a family history of psychosis. All participants were right-handed and native English speakers. They had no diagnosed organic brain disease and no history of substance abuse or dependence during the past 2 years. The groups were matched on age, gender, years of education, and estimated verbal IQ (Table 1) . Written informed consent was obtained prior to testing.
Visual Discrimination Tasks
Three visual discrimination tasks were used. Two were motion tasks, on which patients with schizophrenia have previously demonstrated impairments Chen, Nakayama, Levy, Matthysse, & Holzman, 2003)-direction and speed Research on visual motion processing has focused primarily on the occipital cortex, because motion perception has generally been considered a task mediated in regions such as MT. However, several lines of evidence have recently made it clear that the prefrontal cortex (PFC) also participates in neural responses to motion stimuli. First, neural responses in the PFC are not only sensitive to the presence of moving targets, but are also modulated by the specifics of motion task demands (Zaksas & Pasternak, 2006) . Second, there is a reciprocal relationship between motion signal strength and neural activity in anterior and posterior regions: Anterior cortical activity decreases, and posterior cortical activity increases, as a function of the strength of motion stimuli (Rees, Friston, & Koch, 2000) . The PFC is likely part of a default-mode network, showing deactivation during a low-load task or during resting conditions (Greicius & Menon, 2004) . It remains unknown, however, whether these functional roles of the PFC change when sensory processing of motion information in the occipital cortex is deficient.
A more general question concerns the relationship between dysfunction involving more broadly distributed cortical networks, which are strongly implicated in schizophrenia (Andreasen, 1999; Coyle, 1996) , and specific behaviors (e.g., visual motion perception).
Unlike neurological disorders in which localized cortical damage produces impairments in specific behaviors, schizophrenia shows few signs of consistent gross histopathological changes in any single brain area (Benes, 2000) . In contrast, schizophrenia manifests itself in a variety of striking behavioral abnormalities, such as hallucinations, delusions, blunted emotional expression, disorganized thinking, and difficulty maintaining attention (Bleuler, 1950; Kraepelin, 1919) . The coexistence of prominent behavioral and subtle brain structural changes challenges the notion that schizophrenia can be understood solely on the basis of localized brain dysfunction. Rather, the anatomical and behavioral findings are consistent with the presence of more distributed brain disorganization.
Schizophrenia provides an opportunity to examine how compromise involving broadly distributed cortical networks, rather than a single cortical system, affects behavioral performance. In order to tap into the functional organization of schizophrenic brains, it is essential for one to select behaviors that are dysfunctional in schizophrenia and whose underlying neural mechanisms involve multiple cortical systems. Smooth pursuit eye movements require the involvement of a network of brain areas, in- Hollingshead-Redlich Two-Factor Index; Hollingshead, 1957 ). Age and education are given in years.
Statistical analysis was conducted using the general linear model (GLM; Friston, Worsley, Frackowiak, Mazziotta, & Evans, 1993) , with boxcar function predictors for each task condition. Group differences were revealed by planned comparisons across populations in each task. Resulting p values were corrected for multiple comparisons using a false discovery rate procedure.
Regions of interest (ROIs) were defined from the corrected results of the GLM in the easy condition of the direction discrimination task, because this task, particularly under easy conditions, has been shown to activate motion-sensitive cortical areas (Rees et al., 2000) . To obtain ROIs during motion perception, we compared neural activity during blocks in which a moving target was presented and during blocks in which the target was stationary, a functional localization method developed by Tootell et al. (1995) . MT was identified as the brain area on the ascending limb of the inferior occipital sulcus that was activated by the coherent motion stimuli in the easy direction discrimination task. The combination of functional localization with the known anatomical landmarks associated with MT (e.g., Huk & Heeger, 2002 ) is a very reliable way of identifying this direction-selective cortical area. The ROIs were generated from the patients and controls together, as a single group.
Because an ROI analysis ignores neural events occurring outside the targeted areas, we also conducted a general linear model analysis of the whole brain. This model compared neural activity in the two groups during the three tasks. The whole-brain GLM analysis revealed a significant group difference during the motion tasks in the PFC; this difference was not predicted a priori. In addition, since there are no functional localizers that can be used to identify specific regions of PFC that get recruited during motion tasks, we used the whole-brain between-groups analysis to identify the PFC ROI.
Voxels within each ROI were averaged to create a single response time series for each group. In each ROI, a two-way ANOVA tested the significance of BOLD signal changes between schizophrenia patients and normal controls as main effects and the interaction between participant group and task difficulty.
RESULTS
Patients and controls performed the three visual discrimination tasks similarly within the scanner environment (Figure 1 ). For each of the tasks, a two-way ANOVA of group (patient, control) and task difficulty (easy, difficult) showed a significant effect of task difficulty [for contrast task, F(1,34) In a two-stage analysis, we targeted brain areas known to be involved in motion discrimination (i.e., V1/V2, MT ) and sought to identify any regional differences in cortical activity between controls and patients in areas outside of the striate and the extrastriate cortices (i.e., using wholebrain analysis).
The direction discrimination task revealed significant group differences in neural activation patterns ( Figure 2A ; Table 2 ). A two-way ANOVA of BOLD signal changes in all four ROIs showed a significant interaction [group area: F(1,3) 12.63, p .001]. Post hoc tests showed that, compared with the normal controls (light bars), padiscrimination-and the third was a nonmotion control task-contrast discrimination.
Direction discrimination. In each trial, participants indicated which of two sequentially presented random dot patterns (speed, 10 deg/sec; number of dots, 400; dot lifetime, 90 msec) moved to the right. The random dot patterns comprised a spatially intermixed motion component-an array of dots moving coherently in one direction (left or right, randomly presented first or second in each trial)-and a noise component-another array of dots moving in random directions.
Speed discrimination. Participants indicated which of two sequentially presented gratings moved faster (spatial frequency, 0.5 cycles/deg; orientation, vertical; contrast, 20%; base speed, 10 deg/sec; monochromatic). The faster moving grating (e.g., 14 deg/sec) was randomly presented first or second in each trial.
Contrast discrimination. Participants indicated which of two sequentially presented gratings had higher contrast. The gratings were identical to those used in the speed discrimination task, except that contrast, rather than speed, was varied between the two stimuli presented within each trial (e.g., 20% base contrast vs. 28% higher contrast).
In all three tasks, each stimulus was displayed within a circular window (diameter, 10º) for 300 msec, with an interstimulus interval of 500 msec. Participants were instructed to fixate on a small central target between visual discrimination tasks.
Equating for Task Difficulty
Offline testing determined each participant's perceptual threshold (80% correct accuracy) on each of the three tasks. Functional brain images were acquired at two task difficulty levels (easy and difficult). In the difficult conditions, task difficulty level was set at twice each individual participant's offline thresholds. In the easy conditions, identical stimulus strengths were used for all participants: 50% contrast versus 20% contrast for contrast discrimination; 16 deg/sec versus 10 deg/sec for speed discrimination; and 70% motion coherence for direction discrimination.
MRI Acquisition and Analysis
Scanning was conducted on a 1.5-tesla GE Signa magnet at the Brain Imaging Center of McLean Hospital (Belmont, MA). In a 1.5-h session, we acquired high resolution anatomical images of the entire brain (spoiled-grass imaging, 0.9375 0.9375 2.5 mm, 124 slices, 1.5 mm thick, TE 5 msec, TR 35 msec, flip 45º), matched anatomical images of slice locations (19-22 axial slices, 7 mm thick, 1-mm gap), and six sequences of functional scans (single-shot echo-planar imaging, 3 3 mm in-plane resolution, TR 3,000 msec, TE 40 msec, flip 75º). Images were acquired with a quadrature birdcage headcoil. Participants were placed in a supine position and viewed the visual stimuli, which were backprojected on a screen located at the participant's feet through a mirror apparatus attached to the headcoil. Structural imaging data were acquired for use in the registration of the functional imaging data and were read and interpreted by a clinical neuroradiologist to ensure that participants were free of neuroradiological abnormalities.
Functional scan epochs lasted 2.5 min each; the initial 10 sec were discarded prior to analysis to allow for MR stabilization. The task conditions were divided into 20-sec blocks, alternating with 20-sec blocks of fixation, which served as a baseline. One task condition was presented per epoch, for a total of six scan epochs (three tasks, each with two difficulty levels). The task conditions were presented in a randomized order across participants. Behavioral responses (i.e., perceptual judgments) were made with a keypress on an MRcompatible mouse device.
All image analyses were conducted using Brain Voyager (Brain Innovations, Inc.) after registering the functional images to the individual participant's anatomy and then warping into standardized stereotaxic space (Talairach & Tournoux, 1988) . Individual voxels were then corrected for linear drift in time and spatially smoothed with a 4-mm FWHM Gaussian filter.
and IFG [F(1,34) 2.15, p .15, d 0.54]. The effect sizes for both results were large for the speed and direction discrimination tasks. The groups did not differ significantly in activation of the striate cortex and the IFG (Figure 3) . Overall, the patients revealed a shift in activation from the posterior visual areas toward the anterior prefrontal cortex during the two motion discrimination tasks (Figure 4) .
Unlike in the two motion discrimination tasks, the two groups did not differ significantly in the contrast discrimination task [for V1/V2, F(1,34) Figure 3) .
The magnitude of group differences in the left ICPFC was larger in the difficult task conditions than in the easy task conditions (Figure 4 ), but the interaction between group (patient, control) and task difficulty (easy, difficult) was not statistically significant for any of the tasks.
DISCUSSION
We showed that motion processing in controls activates primarily striate and extrastriate areas, a finding consistent with the known functional specificity of the posterior cortex (Tootell et al., 1995) . In contrast, the pattern of cortical activation subserving motion perception was altered in patients with schizophrenia. This alteration extended from visual areas (such as MT ) to prefrontal areas (such as the interior convexity of the prefrontal cortex). The results suggest that during motion processing, cortical activities in schizophrenia are altered not only in the postetients with schizophrenia (dark bars) showed a significantly lower BOLD response in MT [F(1,34) Figure 2B shows the activation difference between the groups in MT and in the left ICPFC.
A similar pattern emerged when participants performed a speed discrimination task. The average BOLD response of the schizophrenia group was significantly lower than that of the normal control group in MT [F(1,34) Motion Coherence (%) Figure 1 . Relation of stimulus strength (task difficulty) to participant performance in the scanner. In each of the three panels (A, B, and C, for direction, speed, and contrast discrimination, respectively), group performance is plotted on the ordinate and stimulus strength on the abscissa. The error bars indicate 1 standard error. In the difficult task conditions (the left pair of data points in each panel), the stimulus strengths were twice the psychophysical thresholds determined for each participant prior to scanning. In the easy task conditions (the right pair of data points in each panel), the stimulus strengths were identical for all participants (hence, no error bars). Both participant groups performed all tasks at an accuracy level above 80% correct on the easy conditions, and at or above 70% correct on the difficult conditions. rior regions involved in sensory processing, but also in the anterior areas subserving cognitive processing.
Behavioral Performance
The group differences in patterns of functional activation during the two motion tasks are not likely to reflect the patients' failure to engage in the visual tasks. Both the patients and the controls were able to perform well within the scanner. In order to achieve equivalent levels of online performance in the difficult condition, we tailored each individual's online stimulus strength to that person's offline perceptual threshold for 80% accuracy. The greater comparisons of sequentially presented stimuli, but the time interval between the stimuli was brief (500 msec) and was within the range in which patients with schizophrenia do not show working memory deficits (Park & Holzman, 1992) . Despite similar task performance in the easy and difficult conditions, cortical activation in the patients was significantly lower in extrastriate MT and higher in left ICPFC during direction and speed discrimination. Thus, the group differences in pattern of functional activation cannot be explained as secondary effects of differences in performance.
It is noteworthy that perceptual performance was not significantly correlated with PFC or MT activity in eistimulus strength required by the patients is consistent with previous reports of impaired speed and direction discrimination and of other visual processing deficits in schizophrenia. Had we used a common "difficult" task condition, rather than individual perceptual thresholds tied to a common accuracy criterion, the groups would likely have differed in performance accuracy, and the interpretation of group differences in functional activation would have been confounded by this difference in behavioral performance. The standardized stimulus strengths used in the easy conditions were much higher than the individual thresholds, resulting in better than 80% accuracy in both groups. All three visual discrimination tasks required 
Sensory Processing
Our finding of decreased cortical activity in area MT in schizophrenia was unexpected for two reasons. First, one previous study showed that patients with schizophrenia had a higher BOLD response than did controls in occipital regions during passive viewing of visual stimuli (Renshaw, Yurgelun-Todd, & Cohen, 1994) . Our experiment, however, required participants to engage actively in a visual discrimination task, and our results may therefore reflect a group difference that becomes apparent during active engagement of motion-specialized visual mechanisms. Second, BOLD signal levels increase linearly with luminance contrast in V1 (Boynton, Engel, Glover, & Heeger, 1996) and with motion signal strength in MT (Rees et al., 2000) in normal participants. We therefore expected patients with schizophrenia to show heightened activation in posterior visual areas because the stimulus strengths of the motion stimuli had to be increased in order for them to perform with accuracy equivalent to that of the controls. However, we found the opposite: BOLD signals in motion-specialized extrastriate cortex were reduced in spite of the increased strength of the stimuli. We find it interesting that one study found reduced activation in almost all posterior brain regions involved in visual processing when patients with schizophrenia viewed checkerboard ther group. This result is not entirely surprising for several reasons. First, monkey studies have shown correlations between behavioral responses and neuronal responses in MT, but only when the task was simply detection of motion in the presence of motion (Britten, Shadlen, Newsome, & Movshon, 1992) . When a motion task required more than one choice (e.g., Which of two sequentially presented targets moves to the right?), the behavioral responses of monkeys were correlated with the responses of MT neurons only during the first, but not during the second, presentation of the motion stimulus, and the behavioral responses were not correlated with responses of PFC neurons (Zaksas & Pasternak, 2006) . Our tasks, like the one used in the Zaskas and Pasternak monkey study, required a choice over the two presentations of the visual stimulus, and our results in humans are consistent with their results in nonhuman primates. Second, the fMRI response represents averaged activation over all trials, not just to a single stimulus or to a first stimulus presentation. The absence of a significant correlation between behavioral and cortical responses suggests that other neural processes, in addition to activation of relevant cortical regions, may impact behavioral decisions during motion perception. Our sample size was relatively small, which may have obscured a significant correlation, however. is located inferior to the dorsolateral PFC (DLPFC). The two PFC regions also differ functionally; ICPFC supports object working memory (Wilson, O'Scalaidhe, & Goldman-Rakic, 1993 ) and visual categorization (Damasio, Grabowski, Tranel, Hichwa, & Damasio, 1996) , whereas DLPFC processes spatial information.
The activation we observed in ICPFC in patients with schizophrenia would be consistent with the use of cognitive strategies to buttress strained functioning of the sensory motion processing system. Motion discrimination normally depends on sensory processing of relevant information, such as speed or direction, which can be encoded with neural responses along a continuous scale of stimulus dimensions. When sensory processing resources are not adequate, strategies such as cognitive categorization may be recruited. In speed discrimination, for example, patients could categorize motion targets into two groupsone labeled "fast," the other "slow." Such a cognitive categorization strategy, although not as precise as sensory encoding along a continuous scale, would allow a speed discrimination task to be performed on a coarse scale, but may still reveal changes in cortical activation when more fine-grained discriminations are required.
The fact that ICPFC activation was increased only on the left side suggests that patients may have used a verbally mediated cognitive strategy to supplement the downward sensory processing required by the motion tasks (Stephan et al., 2003) . Visual motion-related neural responses in the PFC are modulated by task demands. In healthy people, increases in the difficulty level of motion tasks are associated with increased activity in the anterior cingulate and prefrontal cortices (Rees et al., 2000) . The fact that controls did not show increased activation in anterior regions suggests that they were able to perform the motion tasks by relying on sensory regions (e.g., MT) without needing to recruit PFC. The task, therefore, was not so difficult that controls needed to recruit PFC. Patients, on the other hand, under-activated motion-sensitive sensory regions (e.g., MT) and activated PFC. We interpreted this pattern as indicating that PFC activation compensated for deficient processing in sensory regions. It seems unlikely that task difficulty per se is a parsimonious explanation for this difference between patients and controls, because the design of the present study purposefully fixed task difficulty to equivalent levels on the basis of individual participants' performance. Thus, we hypothesized that the perceptual performance of the patients was related to activation of PFC.
The significantly lower level of activation in left ICPFC in normal controls suggests that they relied primarily on sensory systems to process motion stimuli.
Antipsychotic Medications
Most of the participants with schizophrenia were being treated with antipsychotic medications, and all were clinically stable. Although this combination is considered optimal for minimizing the confounding effect of unstable clinical state on cognitive performance (Buchanan et al., 2005) , it leaves open the possibility that the anomalous functional activation in the patient group during the motion stimuli (Braus, Weber-Fahr, Tost, Ruf, & Henn, 2002) , suggesting that cortical processing of simple nonmotion visual information is deficient.
It is possible that inadequate input from earlier visual areas (such as V1/V2) played a role in the reduced MT response to visual motion in the patients. Such an interpretation would be consistent with impaired performance by patients with schizophrenia on tasks that involve early stages of visual processing (e.g., impaired velocity discrimination; Kim et al., 2006) and hypersensitivity to backward masking (Green, Nuechterlein, & Mintz, 1994) , which implicate magnocellular inputs to dorsal stream regions. In the present study, patients with schizophrenia did show a nonsignificant trend toward lower activation than did controls in the striate cortex on the direction discrimination task ( p .09), but not on the speed discrimination task. The experimental design of the present study does not permit a disturbance in input to MT to be distinguished from local effects in MT itself. Thus, at least as early as the motion-specialized extrastriate cortical region (but possibly earlier), patients with schizophrenia did not fully engage sensory cortical regions during visual motion processing.
Activity in area MT can be modulated by attention (Saenz, Buracas, & Boynton, 2002) . If attention contributed to the lowered MT activations in patients, group differences would be expected to occur not only on direction and speed tasks, but also on the contrast discrimination task, inasmuch as the three visual discrimination tasks had similar attentional requirements. The fact that group differences were found only in the two motion tasks suggests that attention is an unlikely explanation for reduced MT activity in patients.
Beyond Sensory Processing
Given the simplicity of the visual tasks employed, anterior brain regions were not thought to be directly involved here, and indeed, activation levels in these frontal areas were low in normal controls. The combination of reduced activation in posterior regions and increased activation in anterior left ICPFC in patients suggests that nonsensory cortical areas are recruited to compensate for reduced involvement of sensory regions that should be directly involved in the processing of motion signals. This finding complements the results of studies that have found compensatory recruitment of PFC regions in patients with schizophrenia while they were engaged in a range of cognitive and motor functions (Bonner-Jackson, Haul, Csernansky, & Barch, 2005; Heckers et al., 1998; Nagel et al., 2007) . Enhanced recruitment of regions in PFC is thought to compensate for underrecruitment of extrafrontal regions (e.g., hippocampus) or of more localized regions within PFC. Our findings of the transcortical recruitment for motion processing indicate that compensatory recruitment also occurs when certain sensory functions are deficient.
Although the ICPFC does not receive direct input from motion processing areas, it does receive indirect projections from V1 through inferior temporal cortex in the nonhuman primate (Barbas, 1988) . Anatomically, the ICPFC The existence of a strategy of recruiting alternative pathways, although speculative, is consistent with the results of a behavioral study by . In that study, we found deficient speed discrimination in patients with schizophrenia when they judged speeds in intermediate ranges (e.g., 10 deg/sec), where speed cues were dominant. Speed discrimination of patients was generally equivalent to that of control participants at slow speeds, such as 3 deg/sec, and at fast speeds, such as 26 deg/sec, because they substituted nonmotion position or contrast cues in order to process motion information. Our imaging data raise the possibility that an analogous substitution strategy may be mirrored in the patients' altered neural activation patterns.
The altered response pattern of patients with schizophrenia during motion processing tasks occurs across the posterior and anterior cortical areas, which are putatively designated for sensory and cognitive functions, respectively. We observed group differences with large effect sizes in both MT and left ICPFC, even in these relatively modest samples, suggesting that neural activity in schizophrenia is not simply dampened in the visual system, but is more systematically altered across sensory and cognitive domains. This altered neural activity across a cortical network is associated specifically with motion perception, a type of visual behavior that requires dynamic integration of both spatial and temporal information (Nakayama, 1985) .
We did not find a significant correlation between peak activations of the MT and the PFC in either group. However, our sample size may have been too small to identify a significant inverse relationship between activation in these two regions. A significant correlation would be consistent with the existence of time-locked compensatory activities between different cortical areas, but the causal relationships are still not completely determined. It should be noted that the present study was not designed to test for functional connectivity. A rigorous test of the connectivity hypothesis would require faster event dynamics and more frequent sampling (our TR was set for 3 sec for maximal activations). The differential cortical activations during the motion perception tasks, found in this study, suggest that future studies of functional connectivity between different cortical areas in the context of the processing of motion signals are warranted.
Although the exact manner in which neural activities are altered in schizophrenia needs to be specified in further detail, motion processing may tap into vulnerabilities created by alterations in neural organization. Nevertheless, the engagement of multiple cortical systems during "low level" visual motion tasks in schizophrenia presents evidence that the cortex is remarkably adaptable in modifying its functional specificity, even across the domains of sensory and cognitive processing.
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We dedicate this article to the memory of P.S.H., whose vision and support inspired this study. The authors thank Francine Benes, Steven Matthysse, and Charles Stromeyer for helpful comments on previous drafts of this article, and Daniel Norton for technical help. This work was tasks was a consequence of drug treatment. Antipsychotic medications could conceivably affect functional activation differently in different brain regions. However, if such regionally specific effects of medications accounted for the findings on the motion tasks, the same anomalous activation should also have been observed during the nonmotion task. The groups did not differ in regional activation during the nonmotion task. The functional dissociation between the motion and nonmotion tasks may therefore be more parsimoniously attributed to a deficit in the processing of motion stimuli than to a medication effect that selectively targets motion tasks, but not nonmotion tasks. This deficit results in both the underrecruitment of regions that subserve visual motion processing and the compensatory recruitment of a region that subserves higher order cognitive processing.
Implications for Smooth Pursuit Eye Movements
Motion processing provides necessary sensory signals for generating smooth pursuit eye movements (Keller & Heinen, 1991; Newsome & Pare, 1988; Wurtz et al., 1990) . Studies of cortical responses during smooth pursuit eye movement in schizophrenia have shown mixed results. Activity in posterior regions, including MT or V5, was reported to be either reduced to various degrees (Lencer, Nagel, Sprenger, Heide, & Binkofski, 2005; Tregellas et al., 2004) or somewhat increased (Hong et al., 2005) . Smooth pursuit eye movements consist of initial and maintenance stages, which rely on sensory motion and extraretinal signals, respectively. The reduced activity of MT in patients' responses to visual motion signals may be related to the initial phase of smooth pursuit (e.g., acceleration). Indeed, MT activity has been shown to be correlated with smooth pursuit eye velocity in healthy people, and this correlation was not present in schizophrenia (Lencer et al., 2005) . This conjecture would be consistent with the psychophysical finding that the motion perception deficit in schizophrenia is associated with the initial, but not the maintenance, stage of smooth pursuit dysfunction .
Functional Processes Across Different Cortical Systems
We propose that nonmotion processing strategies that rely on prefrontal areas-specifically the left ICPFC-are recruited in schizophrenia to compensate for compromised sensory functioning. This functional shift to left ICPFC activation implicates a prefrontal area that is underinhibited in schizophrenia. The GABAergic inhibitory neurotransmission system is implicated in both schizophrenia (Benes, 2000) and visual motion processing (Egelhaaf, Borst, & Pilz, 1990) . Whether a dysfunction in the GABA system is related to the functional shift from posterior regions to the left ICPFC cannot be determined from this study. One possible consequence of recruiting a nonsensory cortical area in order to process sensory motion input is suboptimal neural processing of motion signals. Recruiting the anterior cortical system for sensory processing may also leave fewer neural resources available for cognitive processing.
